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JOINT RESEARCH CENTRE 
Geel Es t a b i i shment 
Β.2440 GEEL, B e l g i u m 
COMMUNITIES 
1 . INTRODUCTION 
The JRC programme "Nuclear Measure­
ments" i s ca r r i ed out exc lus i ve l y 
by the Geel Establishment (the 
Central Bureau f o r Nuclear Measure­
ments, CBNM), and forms by fa r the 
la rges t f r a c t i o n of the work com­
mitment of t ha t Establ ishment. I t 
conforms c lose ly w i th the aim of 
the Establishment as envisaged in 
the Treaty es tab l i sh ing the Euro­
pean Atomic Energy Community. In 
add i t ion i t i s designed to extend 
the e x p l o i t a t i o n of the CBNM's 
major nuclear-measurement f a c i l i ­
t i e s , the performances o f which 
have been increased and improved 
in recent years . These include the 
two large accelerator i n s t a l l a t i o n s 
(the e lec t ron l i nea r acce lera tor 
and the Van de Graaff generator) 
and the mass spectrometers. 
The Nuclear Measurements programme 
is d iv ided i n t o two main p r o j e c t s , 
Nuclear Data on the one hand and 
Nuclear Reference Mater ia ls and 
Techniques on the other . 
In the former the JRC act ion forms 
par t o f world-wide sets of act ions 
to es tab l i sh r e l i a b l e , and in many 
cases very p rec i se , f igures f o r 
important nuclear parameters - e .g . 
neutron i n t e r a c t i o n c ross-sec t ions , 
rad ionucl ide h a l f l i ves - needed 
f o r the development and e x p l o i t a ­
t i on of nuclear energy f o r peaceful 
purposes. In t h i s work the CBNM 
pays p a r t i c u l a r a t t en t i on to the 
s p e c i f i c needs of the Community and 
to complement s i m i l a r act ions under­
taken in the labora to r ies belonging 
to the Member Sta tes . 
Concerning Nuclear Reference Mate­
r i a l s and Techniques the act ions 
are to provide mater ia ls to which 
ana l y t i ca l and other measurements 
car r ied out i n the nuclear indust ry 
2 -
or by the nuclear community can be 
referred. One or more of the pro­
perties of the materials must 
therefore be well characterized and 
eventually certified and in order 
to carry this out effectively the 
important techniques used for char­
acterization must be continuously 
examined and if possible improved. 
The basic aim of the Nuclear Meas­
urement programme is therefore to 
develop nuclear metrology with 
special orientation towards satis­
fying the demands for basic nuclear 
data and for materials and methods 
of reference. 
2. RESULTS 
ΜεαΛοΛ.ernenn o£ Unction. Vata 
This p ro jec t i s d iv ided in to two 
pa r t s , one concerned w i th data 
per t inen t f o r neutron-induced 
react ions and the other wi th so-
ca l led non-neutron nuclear data, 
i . e . mainly data on rad ionuc l ide 
decay. 
Ucutyiovi Vata 
The main ob jec t i ve i s to measure 
accurate d i f f e r e n t i a l c ross-sect ion 
data needed f o r fas t reactor design 
and sa fe ty , long-term i r r a d i a t i o n 
e f fec ts on fue l and s t r u c t u r a l 
ma te r ia l s , s h i e l d i n g , nuclear waste 
treatment and storage, safeguards 
and also f o r fus ion reactors and 
technology. A prime ob jec t i ve f o r 
CBNM remains the improvement of the 
knowledge of standard cross sec­
t ions required fo r these research 
areas. Also the understanding of 
underly ing physics mainly concern­
ing neutron-induced react ions 
necessary f o r cur rent and fu tu re 
nuclear power technology is an 
important ob jec t i ve . 
During 1983 data measurements have 
continued using both acce lera tors . 
A measurement of the 242.Pu f i s s i o n 
cross-sect ion has been completed, 
covering the neutron energy range 
from a few eV to 10 MeV. Many reso­
nances have been observed below 
100 keV and these are being i n t e r ­
preted in terms of current f i s s i o n 
theory. 
Also concerning f i s s i o n some i n t e r ­
est ing experiments have been com­
pleted in which the f iss ion- f ragment 
mass and energy d i s t r i b u t i o n s from 
the same f i s s i o n i n g nuclear species 
but i n two d i f f e r e n t energy states 
have been compared, one the ground 
s ta te by studying spontaneous f i s ­
sion and the other at neutron sepa­
ra t i on energy by studying the ther ­
mal neutron-induced f i s s i o n of the 
nucleus w i th one neutron number 
less . The experiments have been 
performed f o r the f i s s i on ing -nuc le i 
2 3 8 Pu, 2 4 0Pu and 2 4 2 P u , w i th s im i l a r 
resu l ts from each. 
The measurement o f the capture 
cross-sect ions of mater ia ls used 
in the s t ruc tu re of reactors has 
cont inued, wi th much e f f o r t put 
in to the analysis of the data. 
A gridded i on i za t i on chamber has 
been developed f o r the assay of 
t h i n layers of f i s s i l e mater ia l 
as used f o r neutron detect ion and 
studying the f i s s i o n process. The 
method is based on the determina­
t i on of the energies and angles 
of emission of α - p a r t i c l e s or 
f i s s i o n fragments and i t exp lo i t s 
the use of f a s t and stable e lec­
t ron i c c i r c u i t r y in conjunct ion 
w i th mult iparameter data proces­
sing equipment. Compared w i th 
previous methods the new method 
has the advantage of being fas te r 
and much less sens i t i ve to the 
exact shape of the layer and inho­
mogenen' t i e s in i t s th ickness. 
Considerable a t t en t i on has also 
been given to preparing f o r the 
programme per iod 1984-87, p a r t i ­
cu l a r l y w i th regard to improving 
f a c i l i t i e s and techniques to meet 
the demands of higher q u a l i t y 
data f o r f i s s i o n technology and 
also the possible new demands to 
support fus ion technology. 
The pulse compression system for 
the Linac has now been brought 
­ 3 ­
i n to f u l l operat ion and experiments 
using the increased reso lv ing power 
are i n progress. The achieved com­
pression has exceeded expectat ions; 
from a measurement of the γ f l a s h , 
a width of 0.6ns w i th a peak ampl i ­
tude of 100 A has been observed 
which corresponds to a compression 
fac to r of a t leas t 15. In the case 
of the Van de Graaff the external 
pulse compression system has been 
demonstrated but a s a t i s f a c t o r y 
way of synchronising i t wi th the 
k l ys t ron compression i n the t e r m i ­
nal has ye t to be found. 
I t has recent ly become apparent 
tha t a few neutron data in the 
very low energy, thermal , region 
s t i l l need a t t en t i on i n r e l a t i o n 
to thermal reactor sa fe t y , but a l l 
European f a c i l i t i e s dedicated to 
t h i s type of measurement have long 
since been taken out o f serv ice . 
In order to close t h i s gap a new 
cold source f a c i l i t y has been 
designed and ordered f o r use on 
the CBNM Linac. 
Non NnutAon NactioA Vata 
In t h i s sect ion the ob jec t i ve i s 
to meet the needs f o r in format ion 
on the decay proper t ies of rad io ­
nucl ides by experimental determi­
nat ion of the re levant data 
( i nc lud ing the development of 
techniques to improve accuracy) 
and by de ta i l ed evaluat ions of 
in format ion already ava i l ab le . 
An important h i g h l i g h t of 1983 i n 
r e l a t i o n to t h i s a c t i v i t y was the 
meeting of the In te rna t iona l Com­
mit tee f o r Radionuclide Metrology, 
held a t Geel i n May. This inc luded 
a seminar on Appl ied Radionuclide 
Metrology to which CBNM c o n t r i ­
buted 8 papers. One o f these papers 
described very accurate (about 
+ 1 %) measurements o f the h a l f 
l i ves of exc i ted nuclear leve ls 
f o r nucle i appl icable to Mössbauer 
spectroscopy. A l l of these h a l f ­
l i ves were i n the range 3ns to 
20 MS. 
We have continued to pa r t i c i pa te 
i n i n te rna t i ona l comparisons of 
r a d i o a c t i v i t y measurements; during 
1983 w i th those concerning the 
radionucl ides 1 2 3 I a n d 4 7 S c . An 
In te rna t iona l Di rectory o f C e r t i ­
f i e d Radioactive Sources has been 
compiled and published in Physics 
Data 2 7 . 1 . This w i l l be the l a s t 
year in which an a c t i v i t y under 
the t i t l e "Non­Neutron Nuclear 
Data" is repor ted . In the fo l l ow­
ing programme f o r the per iod 
1984­87 the a c t i v i t y w i l l be fea­
tured p a r t l y under the heading 
"Nuclear Data f o r Standards" but 
more predominantly under the 
heading "Radionuclide Metro logy". 
From now on the measurement and 
evaluat ion of important prec is ion 
decay data, and also the develop­
ment and app l i ca t i on of the metro­
logy of rad ionuc l ide decay w i l l be 
emphazised. 
NUCLZOA Re^e/tence MateJilats and 
T (¿cliniqu-(¿A 
Nucle.a>i Rd^e/iincd IhatojLLaJLb, 
There ex is ts a need fo r ce r ta in 
ac t i n ide reference mater ia ls w i t h i n 
the European Community. This need, 
and the p r i o r i t i e s for the various 
ma te r i a l s , were establ ished a few 
years ago and CBNM is now engaged 
i n t r y i n g to s a t i s f y the need. 
Three types of such m a t e r i a l , 
necessary f o r the c a l i b r a t i o n of 
ana ly t i ca l methods, can be iden­
t i f i e d : those f o r des t ruc t ive chem­
ica l ana l ys i s , those f o r destruc­
t i v e isotope analys is by mass spec­
trometry and those fo r non­destruc­
t i v e isotope analys is by measuring 
the emit ted y r ad i a t i ons . 
A Uranium Oxide reference mater ial 
f o r chemical analyses has recent ly 
been c e r t i f i e d w i th the number 
ECHO, making a t o t a l of 3 mate­
r i a l s , U meta l , U02 , Pu meta l , 
having European C e r t i f i c a t e s . The 
sales of these mater ia ls as a 
func t ion of t ime show no obvious 
t rends ; the stock of Pu metal i s 
however dep le t ing s u f f i c i e n t l y f a s t 
f o r serious cons iderat ion to be 
given to prepare a new stock. The 
c e r t i f i c a t i o n of a Pu02 reference 
mater ia l has now been abandoned. 
Ins tead, thought i s being given to 
prepare a plutonium sulphate re fe r ­
ence mater ia l which w i l l be easier 
to use than the oxide because of 
i t s be t te r cha rac te r i za t i on . A 
task to prepare reference mater ia ls 
f o r the determinat ion of uranium 
in minerals and ores has been 
planned and has s t a r t e d . The c e r t i ­
f i c a t i o n repor t f o r the sets of 
canned U308 to be used as reference 
mater ia ls f o r non­dest ruct ive ana­
lyses by 7 spectrometry i s under 
prepara t ion . Each set consists of 
5 samples w i t h 2 3 5U/U percentages 
of 0 .3 , 0 .7 , 1.9, 2.9 and 4 .5 , res­
pec t i ve l y . The dominant c e r t i f i e d 
quan t i t y ­ the 2 3 SU/U abundance ­
i s estab l ished to be t te r than 
0.2 % by c a l i b r a t i o n w i th synthe­
t i c mixtures o f almost pure ura­
nium isotopes, and hence w i th 
isotope r a t i o s measured by weigh­
i n g , prepared at CBNM. Some pro­
gress has been made towards the 
preparat ion and charac te r i za t ion 
(a lso wi th the a id of s y n t h e t i c a l ­
ly mixed isotopes) of plutonium 
i so top ie reference ma te r i a l s . This 
task w i l l receive focussed a t t en ­
t i o n i n the forthcoming programme 
per iod . 
Some new measurements on the 
6 L i / 7 L i r a t i o of natural l i t h i u m 
have been performed and an i s o ­
top ie reference m a t e r i a l , based 
on the measurements, w i th a r a t i o 
quoted as 0.08215 ± 0.00006 i s 
ava i l ab le . I t has been shown that 
discrepancies i n recent ly reported 
values of the 6 L i / 7 L i r a t i o are 
not due to va r i a t i ons in the i so ­
top ie composition of the natural 
samples used. 
A task to intercompare ana l y t i ca l 
da ta , on both main and impur i t y 
elements in manganese sulphate 
so lu t ions used by various labora­
to r i es f o r c a l i b r a t i o n of neutron 
sources, has been f i n i s h e d . The 
imp l i ca t i on of these resu l ts to 
the source c a l i b r a t i o n problem 
has ye t to be evaluated. 
Work has s ta r ted on the preparat ion 
and charac te r i za t i on of reference 
mater ia ls f o r i n ­ p i le neutron 
dosimetry. In cooperation wi th the 
European Working Group on Reactor 
Dosimetry, spec i f i ca t i ons fo r 8 
mater ia ls have been es tab l i shed ; 
work has s ta r ted on the preparat ion 
of 2 of these, v i z Al and 238U02 . 
SamptiA and Targets {¡on NucZca/i 
l\<¿aoüAzmzntÁ 
During 1983 a t o t a l of 1135 special 
samples and targets have been d e l i ­
vered to c l i e n t s , mainly i n the 
Community. These are mainly in the 
form of t h i n f i l m s , used as nuclear 
targets in acce lera t ing machines, 
or a l loys fo r i n ­ p i le dosimeters. 
Complete reactor dosimetry assem­
b l ies inc lud ing a c t i v a t i o n , f i s s i o n 
and temperature monitors have also 
been prepared. 
Study 0/5 the. Production o/j EnnÁ.ck<¿d 
kctuiide IbotopoJ* ^oh. RemaAch 
ΡυΛροΔ 2Á 
This p ro jec t is now f i n i shed and a 
f u l l repor t has been prepared. In 
t h i s repor t the condi t ions fo r the 
i n s t a l l a t i o n of an electromagnetic 
separat ion f a c i l i t y of appropr iate 
size in the EC are examined. A con­
s ide ra t i on of separat ion methods 
other than the electromagnet ic one 
revealed tha t none of these methods 
may be regarded today as an a l t e r ­
nat ive f o r smal l ­scale ac t in ide iso­
tope separa t ion . In format ion about 
product ion, chemical p u r i f i c a t i o n 
and i so top ie enrichment is compiled 
fo r a l l needed ac t i n i de nuclides 
and is used for the assessment of 
those needs which can be s a t i s f i e d 
by electromagnetic isotope separa­
t i o n , on ly . The product ion and 
electromagnetic enrichment of 244Pu 
in the EC for use as a spike mate­
rial in mass spectrometric Pu 
determinations is discussed in 
detail and is shown to be uneco­
nomic. A design of an electroma­
gnetic separator adapted in size to 
the EC needs is proposed which is 
equipped with special containments 
and handling facilities for the 
radioactive actinide elements. 
From the cost price of this sepa­
rator and operational experience 
of a few EC laboratories the 
running and specific product costs 
are calculated and compared with 
present USA prices. On the basis 
of this comparison the decision 
not to proceed with the construc­
tion of a separator was taken. 
3. CONCLUSIONS 
This year sees the end of a pro­
gramme period and with it some 
α anges in orientation. Concern­
ing nuclear data considerable 
effort has gone into the measure­
ment of neutron-induced fission 
cross-sections from low to high 
energies. Any future measurements 
on these cross-sections must be 
addressed to the very challenging 
task of improving the accuracy 
for one or two of the important 
nuclei. It is doubtful if this 
can be done via a breakthrough in 
measurement technique; rather, 
further progress is likely to be 
achieved by in depth studies to 
improve the accuracies of the 
contributing parts to the measure­
ments. The difficult measurements 
on the neutron resonance parameters 
of the isotopes present in struc­
tural parts of reactors have 
absorbed a lot of effort; much 
data have been obtained but we 
are still left with some doubts 
which require further attention. 
Some effort will be put into 
neutron data required for fusion 
technology and a little to eva­
luation of standard neutron data. 
Less emphasis will be put on to 
non-neutron nuclear data but effort 
to develop and apply the metrology 
of radionuclide decay will be 
maintained and work on the metrolo­
gy of neutron dose introduced. 
The work on the preparation, char­
acterization and certification of 
nuclear reference materials, espe­
cially the actinides relating to 
the nuclear fuel cycle, has reached 
maturity. Three actinide materials 
have now been given European Certi­
ficates and are on sale, and other 
actinides are in preparation. New 
work on reference materials for 
neutron dosimetry has been started 
and other nuclear materials which 
are not actinides will be included 
in future work. 
The feasibility study on actinide 
isotope separation has shown that 
there is presently no justifica­
tion for starting a new European 
production of these isotopes for 
research purposes. 
The mutual collaboration with 
external organizations has con­
tinued. Such collaborations are 
essential to ensure the full 
exploitation of the Linac accel­
erator in the area of nuclear data 
measurements and also in the 
characterization and verification 
work for nuclear reference 
materials. 
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